F—A YA T VIDOFEEZHC
AGNDXIR AR N )LEAL DR

22N (] R TS =2 N

Sean Pike'., /@& )R 1

| FEMZHRRME FENSRR, AR
> GrETERII AR HestHo

N

EMEFEEHR Y — .

]

)| T

KA IRZS1, 18 faF]

This document is provided by JAXA.



7% 20 D [F] 8

e AGND AN ~N)LZAt% A

hBD

Disk-line; &7 /L (Fabian et al. 1995)

19 5 F 7%

=T )LD

"Variable Double Partial Coverings (VDPC) €7

JU (Mizumoto et al. 2014)

This document is provided by JAXA.



"disk-line; ®F )L

EERD & RERH DEIEOBHER S NIz 2T N LE

|
.
| P
5
=)
\2

&) & s AR

This document is provided by JAXA.



e A

IS DXIRZ R T E

15 DEACHER

A ARY NLDZAE %= Ere AR

This document is provided by JAXA.



A7OY 7 hOBEEZE

o« “TODETILOEMMEE NS

o TN EIREEIICT AT ADFE%E
LT ANRY NV DS 7%= 1

|
L L
@
CF
—

~

 Nonnegative Matrix Factorization (NMF) (Lee, D.,
& Seung, H. 2000)

\V4

* Principal Component Analysis (PCA) (lvezi¢, Z.
et al., 2014)

This document is provided by JAXA.



h

Principa
Analys

VRS

«

C

ERE = mANIE
[

— 05 +
C. JPEIEE

I\

.

DIEN G 2D 5.
N <L

("

T =XW

0| UfeT —%

TF—%

ojg Y hYUw T X

| Component

1S

PCA

v

lvezi¢, Z et al. 2014

>

This document is provided by JAXA.



. ZARY NLEEDENCH T BFE

Nonnegative Matrix
Factorization (NMF)

o WIIBRIZERN DD I U
X=WS
TxR)LF—
[ X 7]
[1 X 7] [NnX7r

X, FEr—%
'S Fx~Y NLOES

"W &S OBz

This document is provided by JAXA.



'VD

SFE TR

PCy BEFILOS101DY I 2L —Y a3 VAR N)LE

ER U T2

TODINGX =Y - T ITNCEZ T

* Partial Covering Fraction (AGN®

NTWBEIE)

« /—XNTM4E

=1l —=

\l

7 — S/

VAN NS

PCAENMFZ &

IS DXERDE X

1L /C

This document is provided by JAXA.



Simulated Spectra

i o mhmu

\ “.\\\.M“ x

‘a s\\ Q.. ‘.

C c-‘~

.\\\ b
\\ / .@?

k ) \.. / .S.\..\Q.\ i..“.“.“.“

..

¢ e - nl-ahll

- 'LII
ey, sy S——

R ——... ——
"N S~ }‘|
— e

- - -

comnna '!c'

s

T ——

o~ ™ <t Te
- - - -
i i — i

A2y, s ._wd suojoyd

[

|

‘Q
-
i

|

~
-
—

P
-
—

10*

10

Energy (keV)

9

vided by JAXA.



Standard Deviation

1e-03

1e-06

1e-09

1e-12

Standard Deviations w.r.t. Principal Component Axes

l I I l I
20 40 60 80 100

Principal Component

10

This document is provided by JAXA.



Simulated Spectra (black) and PCA Reproduction with Three Components (red)

)/ \. W\_ iy e
Q i i nﬂﬂn

f,f.
ﬂﬂ...

\\\ ik i\\s

”r \\ : TN V. '-.l

7t - S.\ 4-.»‘.

,.‘:::\ N
) w.

s &bﬁ

e —

_\® |_S ,_ WO suojoyd

L0-®]

200.0

20.0 50.0 100.0

10.0

0.5 1.0 2.0 5.0

0.2

Energy (keV)

11

nt is provided by JAXA.

docume|

This



Photons cm™ s keV™"

10

First Three Principal Components

N

0.2

0.5

1.0

I l l I I l l
2.0 5.0 10.0 20.0 50.0 100.0

Energy (keV)

12

This document is provided by JAXA.



Photons cm™2 s~ keV™'

First Principal Component

0.2

0.5

1.0

2.0

I I
5.0 10.0

Energy (keV)

13

l
20.0

I
50.0

l
100.0

This

docume|

nt is provided by JAXA.



Photons cm™ s~ keV™'

10

Second Principal Component

0.2

0.5

I I I I I
1.0 2.0 50 10.0 20.0

Energy (keV)

14

I
50.0

I
100.0

This

docume|

nt is provided by JAXA.



Photons cm™ s keV™"

Third Principal Component

0.2

0.5

I I I I I
1.0 2.0 5.0 10.0 20.0

Energy (keV)

15

I
50.0

I
100.0

This

docume|

nt is provided by JAXA.



A red

5.0e-08 1.0e-07 1.5e-07

0.0e+00

Goodness of NMF Reproduction

Number of Components
16

This

document is provided by JAXA.



i A
\\?\‘i\\\\» 'b\

>y rrs v .1 A —

\\\\ S I s\s\.é‘-»‘.
I_ S:\ ! SQ

Y
‘ \\

\\ \\ \\ \\\:‘s\\wﬂ
FAF RN T W \&.\lkﬁ L

\\ :;....,...“\.\_\.. :Eﬂ ﬂa‘

“wa d . T

- aeEh = . Ow N e "hlllf

- O omE e e lhl'l

S vhptogip— e ———

- —— — — — - ——

An!';!'!

- - - — l‘
-sll.‘ln‘v A

| CEECURY :r.;rzrrr.lpAL.r.’M

Afﬁ; R //ﬁ'.ﬁfnﬁ

.~ o —

A

-

’

’

Simulated Spectra (black) and NMF Reproduction with Three Components (red)

| |
S - o m ] 0
m o o o o o
— — — — —

A2y, s . wd suojoyd

[Cha

10° |

107

1078

102

10*

10

Energy (keV)

17

This document is provided by JAXA.



Photons cm™2 s~ keV™'

1e-02 1e-01 1e+00 1e+01

1e-03

Three NMF Basis Components

0.2

0.5

1.0

I I I I
2.0 5.0 10.0 20.0

Energy (keV)

18

|
50.0

[
100.0

I
200.0

This

document is provided by JAXA.



Photons cm™2 s~ keV™

1e-02 1e-01 1e+00 1e+01

1e-03

First NMF Basis Component

TR/ — O —

Current Thecoretical Model

N —O—TCTXKE=EZN
TWBI 1w ~DXER
AT NI

I
=
€L
=
|
0]
|
IE
&
0]
-
<&
-+
o]
-
o

i
=

100

Energy (key)

0.2

0.5

I I l I I
1.0 2.0 5.0 10.0 20.0

Energy (keV)

I
50.0

I l
100.0

pika 17-Dac—-2015 18:45

19

This document is provided by JAXA.



#x(d Thot absorber; & Tcold absorber; DFREAER

Second NMF Basis Component

Current Thecoretical Model

>
+ — [R—
o —DORINAEZE - T
AR NV DREAES
- - g
® T
i W
T 0
S 3 i
£ 3 - a—'* I
7)) A < ‘B
i I | ?
N A
=) ! ¥
: -
- g
I {
I
I
S | . | 100
o Energy (kev)

I I I I I I I I I I
0.2 0.5 1.0 2.0 50 10.0 20.0 50.0 100.0

pika 17-Dac-2015 18:51

Energy (keV)

20

This document is provided by JAXA.



51 THERODIR1 & Tfull coverings DRSS

Third NMF Basis Component

Current Theoretical Model

1e+01

1e+00

Photons cm™2 s~ keV™'
1e-01

1e-02

1e-03

.
=
L
X
T
n
T
£ O
U'-_
)
C
Q
-+
Q
L
o

I I I I I I I I I
0.5 1.0 2.0 5.0 10.0 20.0 50.0 100.0

pike 18-Dec-2015 13:38

Energy (keV)

NMF RSN ANRY NUKD =B ICEIRTE 5 |

This document is provided by JAXA.



S DRE

e Idisk-line; EFILHOBIVZIa2L—Yayr—F9%
B LU, T— YA TV AFEABERIT S

o BT —H(ICT—IHAITURAFEZEAIT S

¢ EFNIHEETICANRY NV EL OBz S
g

o ANRY MILZALDYIERNRREZIRS

22

This document is provided by JAXA.



2% X

Degenaar, N., Koljonen, K.I.I., Chakrabarty, D., Kara, E., Altamirano, D.,
Miller, J.M., Fabian, A.C. 2016, MNRAS, 456, 4256

Fabian, A.C. Nandra, L., Reynolds, C.S., Brandt, W.N., Otani, C.,
Tanaka, Y., Inoue, H., & lwasawa, K. 1995 MNRAS, 277, L11

\vezié, 7., Connolly, A.J., VanderPlas, J.T., Gray, A. 2014, Princeton
University Press: Princeton

K. I. . Koljonen, MNRAS, 2015, 447, 2985

Lee, D., & Seung, H. 2000, Advances in Neural Information Processing

Systems 13

Mizumoto, M.,

-bisawa, K., & Sameshima, H. 2014, PASJ, 66, 12

23

This document is provided by JAXA.





